Introduction {#S0001}
============

Ovarian cancer (OC) is the leading cause of mortality among common gynecological malignancies.[@CIT0001] More than 70% of patients are diagnosed at an advanced stage III or IV (International Federation of Gynecology and Obstetrics, FIGO) with distant metastases.[@CIT0002]--[@CIT0004] The standard therapy for OC is platinum-based chemotherapy following cytoreductive surgery.[@CIT0005] Generally, most patients have a high initial response rate to cisplatin. Unfortunately, more than 60% of patients relapse within 18 months, and almost all patients relapse within 3 years due to drug resistance.[@CIT0006],[@CIT0007] The 10-year progression-free survival rate of recurrent patients is less than 15%.[@CIT0002] Over the past 50 years, many drug resistance associated genes such as CTR1, GSTP1, ERCC1, XIAP and NT5E,[@CIT0008]--[@CIT0012] involving in drug transport, DNA repair, and drug transformation had been intensively studied.[@CIT0013]--[@CIT0016] However, no powerful genes have been identified so far. Recently, the clustered regularly interspaced short palindromic repeats (CRISPR)-Cas9 approach has become a biotechnology breakthrough due to its high knockout efficiency, specificity, and reproducibility,[@CIT0017]--[@CIT0019] and has been widely applied to cancer research and medicine. We employed the whole human genome-scale CRISPR-Cas9 knockout library to screen genes for cisplatin resistance in OC and found that the ZNF587B could facilitate cisplatin-induced cytotoxicity,[@CIT0020] and would serve as a novel potential biomarker for predicting cisplatin resistance. To date, few pertinent studies about ZNF587B have been reported.

ZNF587B, as a member of the Krüppel-type zinc-finger proteins (KRAB-ZFPs) family, may have a KRAB domain and six tandems of C2H2-type zinc finger motifs according to SMART database ([<http://smart.embl.de>]{.ul}). The KRAB domain is one of the most widely distributed and potent transcriptional repressor domains, whereas the C2H2 zinc finger motif binds DNA.[@CIT0021]--[@CIT0028] KRAB-ZFPs probably constitute the single-largest class of transcription factors within the human genome. Although their function is largely unknown, emerging evidences demonstrate they play important roles in cell proliferation, apoptosis, cancer, and chemoresistance.[@CIT0021],[@CIT0029],[@CIT0030] For instance, Wei et al found that the ZFP Egr-1 was downregulated in breast cancer tissues versus benign tissues, and suppressed cell proliferation.[@CIT0031] In non-small-cell lung carcinoma, Egr-1 inhibited cell mobility and induced apoptosis.[@CIT0032] The expression of another ZFP, ZFP403, was lower in OC tissues than normal ovarian tissues, and this gene inhibited cell proliferation and ovarian tumor growth.[@CIT0033] However, little is known about *ZNF587B*. In our previous study, we reported that *ZNF587B* was related to cisplatin resistance in OC. Herein, we sought to explore its role in OC.

Materials and Methods {#S0002}
=====================

Cell Culture {#S0002-S2001}
------------

The normal ovarian cell line IOSE80 was purchased from American Type Culture Collection (ATCC, USA) and cultured in RPMI-1640 medium (HyClone, USA) with 10% fetal bovine serum (FBS, \[Biological Industries, Israel\]). The human ovarian carcinoma cell lines A2780 and SKOV3 were obtained from ATCC and cultured in DMEM medium and McCoy's 5A medium (Biological Industries, Israel) containing 10% FBS, respectively. Cells were cultivated at 37°C in a humidified atmosphere containing 5% CO~2~.

Plasmids, Small Interfering RNA (siRNA) Transfection and Generation of Stable Cell Lines {#S0002-S2002}
----------------------------------------------------------------------------------------

The siRNA for *ZNF587B* with the sequence 5′-GTTCAAACGTGAACCTTAA-3′ was synthesized by RiboBio (China). This sequence was obtained from our previous studies, and was shown to have the lowest knockdown efficiency in OC lines.[@CIT0020] The expression plasmid pcDNA3.1-*ZNF587B* with the Flag epitope was constructed by Genechem (China). Transfections were performed in A2780 cells with Lipofectamine 2000 reagent (Thermo Fisher, USA) according to the manufacturer's protocol. After transfection, cells were screened with 500 μg/mL G418 (Beyotime, China) for 15 days. Monoclonal cells were transferred into 35 mm culture dishes, and A2780 cells stably expressing ZNF587B were expanded in medium containing G418. Quantitative polymerase chain reaction (qPCR) was performed to verify stable transfections after 30 generations of cell culture.

Cell Proliferation and Clone Formation {#S0002-S2003}
--------------------------------------

Cells were resuspended in 6-well plates in complete medium with 10% FBS and transfected with either siRNA or plasmid for 48 h. Cell proliferation in vitro was assayed by EdU (5-Ethynyl-2′-deoxyuridine), a thymidine analog that is incorporated into DNA during the proliferative phase. Fluorescence microscopy was used to detect EdU via Apollo^®^-based fluorescent dyes. For the plate colony formation assay, an equal number of cells containing either siRNA-*ZNF587B* or pcDNA3.1-*ZNF587B* along with their respective control groups were seeded in 6-well plates (500 cells/well) and cultured for 14 days. The culture medium was changed every three days. On the final day, cells were fixed with 4% paraformaldehyde and stained with freshly prepared crystal violet for 30 min. Colony formation was observed by microscopy. Experiments were repeated a minimum of three times and reported as the mean ± standard deviation (SD).

Migration and Invasion Assays {#S0002-S2004}
-----------------------------

Transwell chambers (8 μm, Corning, NY) without Matrigel was used to measure cell migration. For invasion potential assays, 80 μL of 1:8 Matrigel and FBS-free medium was added to the bottom of the chamber. After 6 h in cell incubator, 200 μL of cell suspension (approximately 1 × 10^4^ cells) with FBS-free medium was added to the upper chamber, and 600 μL of complete medium with 10% FBS was added to the lower chamber. After 48 h, migrated or invasive cells were fixed with 4% paraformaldehyde for 30 min and stained with 0.1% crystal violet for 1 h. The number of stained cells was calculated in 3 random fields using an optical microscope. Experiments were repeated a minimum of three times and reported as the mean ± SD.

RNA Isolation and Quantitative PCR {#S0002-S2005}
----------------------------------

Total RNA was extracted from cultured cells using Trizol reagent (Takara, Japan) according to the manufacturer's protocol. Approximately 1 μg of RNA was reverse transcribed using the Prime Script RT reagent kit with gDNA Eraser (Takara, Japan), and the qPCR was performed on a Roche thermocycler (Roche) using 2×SYBR Green qPCR Master Mix (Bimake.cn China). The mRNA expression levels of *ZNF587B* were determined by normalizing to *ACTB* mRNA expression. The primers used for qPCR were as follows (BioSune, China): *ZNF587B* Fw: GCGCCATCAAAAAGTTCACG; Rev: GCTGGGCTTCCGACTAAAAG. Data were analyzed using the 2^−Δct^ method. All experiments were performed a minimum of three times.

CCK-8 Assay {#S0002-S2006}
-----------

Cells were seeded in 96-well plates at a density of 1 × 10^5^ L after infection for 48 h and incubated with a series of concentrations of cisplatin (Sigma-Aldrich, USA) for another 48 h. Chemosensitivity was determined to evaluate the cell viability by CCK-8 approach (Takara, Japan) according to protocol. Cell survival and IC~50~ were calculated from the dose response curves using GraphPad Prism 7 (GraphPad software, CA). All experiments were performed in triplicate.

Flow Cytometric Analysis of Apoptosis {#S0002-S2007}
-------------------------------------

The apoptosis-inducing effect of cisplatin in OC cell lines was determined using a PE Annexin V/7-AAD apoptosis detection kit (BD Pharmingen, USA). A2780 cells were seeded in 6-well plates at a number of 2×10^5^ cells/well. After transfection with either siRNA or plasmid for 48 h, cells were cultured with the IC~50~ concentration of cisplatin for another 48 h. Adhering and floating cells were subsequently collected by trypsinization and centrifugation at 3000 rpm for 5 min. After washing twice with cold PBS, cells were diluted in annexin binding buffer at a concentration of 1×10^6^ L. Five microliters of PE Annexin V/7-AAD was added and the cells were incubated for 15 minutes at room temperature in the dark according to the manufacturer's protocol. Stained cells were analyzed in different experimental groups using a flow cytometer (FACSCalibur, BD Biosciences).

SurvExpress Database Analysis {#S0002-S2008}
-----------------------------

We analyzed data from the OV-AU-ICGC OC serous cystadenocarcinoma dataset generated by the International Cancer Genome Consortium (ICGC) on the SurvExpress database ([<http://bioinformatica.mty.itesm.mx:8080/Biomatec/SurvivaX.jsp>]{.ul}). This database is a comprehensive cancer-wide gene expression platform that includes clinical outcomes and survival analyses of cancer datasets. High-/low-risk groups were determined using an algorithm of the prognostic risk score. Data were input for Cox proportional hazards regression using a list of biomarker genes of interest for risk estimation.

In vivo Cell Line-Derived Xenograft Study {#S0002-S2009}
-----------------------------------------

All animal care and experimental procedures were conducted according to the National Institutes of Health's Guide for the Use and Care of Laboratory Animals, and approved by the Institutional Review Board of Central South University (Changsha, China). Female BALB/c nude mice (4 weeks of age, 16--20 g) were obtained from Hunan SJA Laboratory Animal Co., Ltd, and were fed sterilized food and water under specific pathogen-free conditions at the Department of Laboratory Animals, Central South University. The mice were then randomly divided into two groups of three each. Mice were inoculated subcutaneously into both sides of the flank with 1 x 10^7^ cells of ZNF587B stable transfection A2780 cell line or the corresponding vector control in serum-free medium. The tumors were examined every 2 days, and the maximum (L) and minimum (W) lengths of the tumors were measured with calipers. Tumor volumes were calculated as 0.5 LW.^2^ Mice were sacrificed by intraperitoneal injection with 200 μL of 10% chloral hydrate when the tumor volume was 200--300 mm^3^. Tumors were excised after the skin was disinfected, placed in approximately 1.5 mm^3^ normal saline, inoculated into the animal's bilateral armpit with a trocar, and the skin wound was disinfected with iodophor. The tumors were examined every 2 days. On day 24, the animals were euthanized, and the tumors were excised and weighed.

Statistical Analysis {#S0002-S2010}
--------------------

For parametric data, comparisons between two groups were performed using the 2-tailed Student's *t*-test. All data were reported as the mean ± SD. All statistical analyses were performed using SPSS 22.0 or GraphPad Prism 7. In all cases, differences were considered statistically significant at *P* \< 0.05.

Results {#S0003}
=======

*ZNF587B* Is Downregulated in Human OC Cells {#S0003-S2001}
--------------------------------------------

To determine the differences in *ZNF587B* expression between OC cell lines and ovarian normal cell line, qPCR analyses were performed to compare mRNA expression levels in two OC cell lines (SKOV3 and A2780) and a normal ovarian epithelial cell line (IOSE80). As shown in [Figure 1A](#F0001){ref-type="fig"}, the expression of *ZNF587B* decreased approximately 43% and 17% in SKOV3 and A2780 cells, respectively, compared with that in IOSE80 cells (*P* \< 0.01, *P* \< 0.05, respectively). The expression of *ZNF587B* was lowest in SKOV3 cells. These results showed that the expression of *ZNF587B* in OC cell lines was significantly decreased compared with that in normal ovarian cell lines.Figure 1ZNF587B was downregulation in OC cell lines and modulation of ZNF587B regulated OC cell clonality. The expression level of ZNF587B was examined by qPCR in OC cells A2780 and SKOV3 compared with normal ovarian cells IOSE80 (**A**). The knockdown efficiency was detected by qPCR (**B**). ZNF587B overexpression efficiency was detected by qPCR (**C**). Consumption of ZNF587B contributed to cell clonality and overexpression of ZNF587B impaired colony forming ability in A2780 (**E**) and SKOV3 (**F**) cells. Cloning efficiency was measured by statistics counting clone number (**D**). Results were representative of at least three independent experiments showing similar results. All the data above were presented as mean ± SD. \**P* \< 0.05; \*\**P* \< 0.01; \*\*\**P* \< 0.0.001.

*ZNF587B* and Cell Proliferation {#S0003-S2002}
--------------------------------

To investigate the effects of *ZNF587B* on proliferation, clone formation and EdU assays were carried out in OC cell lines. A2780 and SKOV3 cell lines were transfected with either *ZNF587B* siRNA or full-length expression plasmid pcDNA3.1-*ZNF587B* to alter the expression of ZNF587B. Expression levels were confirmed by qPCR, as shown in [Figure 1B](#F0001){ref-type="fig"}--[C](#F0001){ref-type="fig"}. Larger colony sizes, greater colony numbers (*P* \< 0.05), and a larger number of EdU^−^positive cells (*P* \< 0.01) were observed in the siRNA-treated groups than in the vector control groups ([Figure 1D](#F0001){ref-type="fig"}--F; [Figure 2A](#F0002){ref-type="fig"} and B). In contrast, overexpression of *ZNF587B* impaired cell clonality and proliferation ([Figure 1D](#F0001){ref-type="fig"}--[F](#F0001){ref-type="fig"} and 2a-b; *P* \< 0.05, *P* \< 0.01, respectively). In summary, our results indicated that *ZNF587B* could inhibit cell clonality and proliferation.Figure 2Modulation of ZNF587B affected OC cell proliferation. ZNF587B knockdown promoted cell proliferation, while overexpression of ZNF587B significantly inhibited cell proliferation measured by EDU assay (**A**) A2780 and (**B**) SKOV3. Cell numbers counting was subjected on ImageJ analysis. Results were representative of at least three independent experiments showing similar results. All the data above were presented as mean ± SD. \*\**P* \< 0.01; \*\*\**P* \< 0.0.001; \*\*\*\**P* \< 0.0001.

ZNF587B Inhibits Migration and Invasion of OC Cell Lines {#S0003-S2003}
--------------------------------------------------------

The cell--cell adhesion of tumor cells is often reduced, which refers to with tumor metastasis and invasion. To evaluate whether *ZNF587B* was implicated in metastasis and invasion ability of OC cells, a Boyden chamber assay was performed on A2780 and SKOV3 cells transfected with either siRNA-ZNF587B or full-length *ZNF587B* plasmid. Representative migration and invasion images are shown in [Figure 3](#F0003){ref-type="fig"}. Compared with the control group, the migration cells through the polycarbonate membrane were obviously increased in siZNF587B-treated group in A2780 (2.83 times, *P* \< 0.01) and SKOV3 (2.21 times, *P* \< 0.001). Conversely, the migrating cell number significantly decreased by 66% and 45% in the *ZNF587B* overexpression groups of A2780 and SKOV3 compared with that in the control group (*P* \< 0.05, *P* \< 0.01, respectively, [Figure 3A](#F0003){ref-type="fig"}). Similarly, OC cellular invasive ability was also altered by variation in the expression of *ZNF587B*, as shown in [Figure 3B](#F0003){ref-type="fig"}. In [Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}, the histogram indicates that *ZNF587B* impairs cell adhesion and suppresses migration and invasion.Figure 3Modulation of ZNF587B regulated migration and invasion of OC cells. ZNF587B knockdown significantly increased cancer cellular migration and invasion, while ZNF587B overexpression significantly decreased cellular migration and invasion in A2780 (**A**) and SKOV3 (**B**) cells. Quantitative data of migration cell number was shown in (**C**) after 48 h in OC cells. Quantitative data of invasive cell number was shown in (**D**) after 48 h in OC cells. Results were representative of at least three independent experiments showing similar results. All the data above were presented as mean ± SD. \**P* \< 0.05; \*\**P* \< 0.01; \*\*\**P* \< 0.0.001; \*\*\*\**P* \< 0.0001.

Ectopic Overexpression of *ZNF587B* Suppresses Tumor Growth in vivo {#S0003-S2004}
-------------------------------------------------------------------

Based on the significant inhibitory effect of *ZNF587B* on proliferation, migration, and invasion of OC cells, we further investigated whether *ZNF587B* affected tumor growth in vivo. Nude mouse tumorigenicity assay was carried out to validate the effect of *ZNF587B* in vivo. Due to the relatively lower expression of *ZNF587B* in A2780 cells than in SKOV3 cells, A2780 was used for subcutaneous xenograft tumor model. An equal number of stably transfected pc3.1-*ZNF587B* or pc3.1 A2780 cells were injected subcutaneously into nude mice ([Figure 4A](#F0004){ref-type="fig"}). The tumors were removed on the 27th day after inoculation. No significant difference in body weight was observed between two group mice ([Figure 4B](#F0004){ref-type="fig"}), which indicated that ZNF587B had no toxicity in mice. Tumor volume and mice weight were recorded every 2 days, and tumor weight was measured on the 27th day ([Figure 4C](#F0004){ref-type="fig"}). Consistent with the in vitro results, tumor volume and weight in the pc3.1-*ZNF587B* group were significantly decreased ([Figure 4A](#F0004){ref-type="fig"}--[D](#F0004){ref-type="fig"}). Taken together, our results implied that *ZNF587B* inhibited OC morphogenesis in vivo.Figure 4Overexpression of ZNF587B inhibited tumor growth in vivo. Schematic diagram of tumorigenesis in nude mice and collected tumors were showed in (**A**). The body weight of mice was shown before inoculated and removed tumors (**B**). Tumor growth curves of control A2780 cells and ZNF587B stable-overexpression A2780 cells (**C**). Tumor were collected and weighed in pc3.1 group and pc3.1-ZNF587B group (**D**). Tumor volume of xenografts was evaluated as 0.5 LW.^2^ \**P* \< 0.05.

ZNF587B Enhances Cisplatin-Induced Apoptosis {#S0003-S2005}
--------------------------------------------

CCK-8 and Annexin V+/7-AAD+ staining assays were carried out. Results of the CCK-8 assay revealed that downregulation of *ZNF587B* significantly increased A2780 and SKOV3 cells chemoresistance (IC~50~ mean values of siRNA-*ZNF587B* group vs vector group: 4.89 μM vs 9.52 μM in A2780; 14.37 μM vs 6.58 μM in SKOV3). The IC~50~ mean values were 3.17 μM and 6.57 μM in the A2780 and SKOV3 *pc3.1-ZNF587B* groups, which were significantly lower than those of *pc3.1* groups (5.97 μM and 9.97 μM, respectively, [Figure 5A](#F0005){ref-type="fig"}). Meanwhile, the apoptotic population in the siRNA-*ZNF587B* group was smaller than that in the vector control group (*P* \< 0.05, [Figure 5B](#F0005){ref-type="fig"} and [C](#F0005){ref-type="fig"}). Consistently, Annexin V+/7-AAD+ cells distinctly increased in the *ZNF587B* overexpression group (*P* \< 0.05, [Figure 5B](#F0005){ref-type="fig"} and [C](#F0005){ref-type="fig"}). No apoptotic changes were observed in the groups without cisplatin. The histogram intuitively shows the percentage of apoptotic cells ([Figure 5C](#F0005){ref-type="fig"}). These data demonstrated that *ZNF587B* increased cisplatin-induced apoptosis in OC cells.Figure 5Correlation between ZNF587B expression and cisplatin response in ovarian cell line. Groups transfected with either siRNA-ZNF587B or pc3.1-ZNF587B were subjected to treatment with cisplatin in concentrations at 3 μM, 6 μM, 9 μM, 12 μM, 15 μM, 18 μM (**A**). Representative plots of Annexin V/7-AAD apoptosis assay in A2780 siRNA-ZNF587B, vector, pc3.1-ZNF587B, and pc3.1 groups with or without cisplatin treatment by flow cytometry analysis (**B**). Percentage of apoptotic cells was shown in histogram (**C**). Each assay was performed at least three times on biological replicates. \**P* \< 0.05; \*\**P* \< 0.01.

The Expression of ZNF587B Is Associated Prognosis {#S0003-S2006}
-------------------------------------------------

To clarify the prognostic effect of *ZNF587B* in OC patients, the survival data of OC patients with expression levels of *ZNF587B* were downloaded from the SurvExpress database ([<http://bioinformatica.mty.itesm.mx:8080/Biomatec/SurvivaX.jsp>]{.ul}). In total, 82 serous cystadenocarcinoma patients were included from the ICGC dataset and were divided into low-risk and high-risk groups according to the prognostic index ([Figure 6A](#F0006){ref-type="fig"}). SurvExpress also provided the mRNA expression level of *ZNF587B* ([Figure 6B](#F0006){ref-type="fig"}). The results showed that the low-risk group had higher expression of *ZNF587B* and better prognoses ([Figure 6C](#F0006){ref-type="fig"}, HR = 1.77, 95% CI: 0.55--0.70, *P* = 0.023).Figure 6OC patients with upregulation ZNF587B were associated with better prognosis and survival. OC patients were divided into low-risk and high-risk groups by prognostic index (**A**). Box plot showing the ZNF587B gene expression level by risk groups in OV-AU-ICGC OC-Serous cystadenocarcinoma-June 2016 dataset generated by ICGC (from the SurvExpress database) (**B**). The Kaplan--Meier survival curve comparing the ZNF587B high-expression population (green) and ZNF587B low-expression population (red) of OC patients was created from the SurvExpress database (**C**).

Discussion {#S0004}
==========

Except for our previous research, almost nothing has been reported about *ZNF587B*.[@CIT0034],[@CIT0035] In this study, we explored the basic function of ZNF587B in OC. *ZNF587B* was downregulated in OC cells, while overexpression of ZNF587B in SKOV3 and A2780 cells could significantly inhibit cell proliferation, migration, and invasion. In vivo xenograft experiments also confirmed that ZNF587B could suppress tumor growth. Survival analysis showed that the overall survival of patients with low *ZNF587B* expression levels was dramatically shorter than that of patients with high-expression levels of *ZNF587B*. Taken together, we have found a novel gene that could serve as a potential tumor suppressor and prognostic biomarker. However, the mechanism by which ZNF587B affects OC remains unclear.

ZFPs are the largest transcription factor family in mammals. Approximately one-third of ZFPs are KRAB-ZFPs, and the KRAB domain is one of the most potent transcriptional repressors.[@CIT0021],[@CIT0036] KRAB-ZFPs have been reported to be involved in the regulation of cell proliferation, apoptosis, and cancer. For instance, *ZNF496*, a KRAB-ZFP family member, binding to estrogen receptor alpha (ERα) via its C2H2 domain, repressed the transactivation of ERα, and selectively suppressed ERα target genes, which ultimately inhibited the growth of ERα-positive breast cancer cells.[@CIT0037] In esophageal squamous cell carcinoma, ZNF382 suppressed Wnt/β-catenin signaling and downstream target gene expression, likely through binding directly to *FZD1* and *DVL2*, and ultimately suppressed tumor cell proliferation and metastasis.[@CIT0038] ZFP82 suppresses the growth and invasion of esophageal squamous cell carcinoma cells through inhibiting NF-κB transcription.[@CIT0039] However, the mechanism by which ZNF587B suppresses OC cell proliferation is unknown, but likely involves the function of the KRAB domain, and remains to be explored in future studies. The major limitation of our study is that the way to detect expression of *ZNF587B* is only by qPCR, as there is no commercial antibody to detect its protein expression level. The conclusions based on qPCR need to be further validated by other methods and researches.

In conclusion, ZNF587B could serve as a potential tumor suppressor and prognostic indicator for OC. Our study provided a new ideal and direction for the OC diagnosis and drug development.
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